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FOREWORD

This report was prepared by Michael Hoch and Joseph
Vardil, of the University of Cincinnati, under Contract No.
AF 33(616)-7123. This research was carried out under
Project No. 736l, "Experimental Techniques for Materials
Research,"”" Task No, 73652, "Intense Thermal Energy Trans-
ferred to Materials." The work was administered under
the direction of the Directorate of Meterials and Processes,
Deputy Commander/Technology, Aeronautical Systems Division,
with Mr. Hyman Marcus acting as Pro ject Engineer.

This report covers work conducted from February, 1961,
to February, 1962,



ABSTRACT

A method has been developed for the determination of
the thermal conductivities of anisotroplc solids under con-
ditions of two-dimensional, steady-state heat conduction
in a c¢ylinder of finite length heated in vacuum by high
frequencvy induction and radiating heat to the surroundings.
The method has been used to determine the radial thermal
conductivity, kn,, and the axial thermal conductivity, kj,
of molded ZT tvpe ang pvrolytic graphite in the tempera-
ture range 1200-2200°K,, For ZT tvpe graphite kg/kr =
20.10116 + 2,00191 x 184 x T (1260%k < T < 2199%%); rfor
pvrolvtic graphite, k,/k, = 0.0376 at 1817°K,

This technical documentary report has been reviewed and 1is
approved,

LES I, WITTEBORT
Chief, Thermophysics Branch
Physics Laboratory
Directorate of Materials and
Processes
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NOMENCLATURE

radius of the specimen in cm

a constant

a zero order Bessel function of the first kind
a first order Bessel function of the first kind
a second order Bessel function of the first kind
thermal conductivity in cal/cm-sec-°K

thermal conductivity in the n direction in
cal/ecm-sec-°K

thermal conductivity in the r direction in
cal/cm-sec-°K

thermal conductivity in the z direction in
cal/cm-sec-°K

half height of the specimen in ¢m

an integer positive number 1, 2, 3 .....
independent varlable for radius in cyvlindrical
coordinates

devendent variable for temperature in %k
temperature T(a,1l) in °K

temperature T(o,1) in °K

constant surface temperature in %k

temperature difference T(a,l) - T(0,1) in °K
temperature difference T(r,o) - T(0,1) in °K
devendent variable for temperature in °K, the
contribution of the complementary solution

vi



%S

qkz/kr

an independent variable in a Cartesian Coordinate
System

an independent variable in a Cartesian Coordinate
Svastem

independent variable for distance in cylindrical
and Cartesian coordinates

the slope of the equation T = T, +0o(re in °K/cm2
constant, equal )n/a

the total emissivity

spectral emissivity at a wavelength A

the respective zeros of a zero order Bessel
function Jo(ﬂn) =

independent variable for angle in cylindrical
coordinates

dependent temperature equal to T + T' in °k

Stephan Boltzmann radiation constant

J )
func tion tanh ) 2 (An
< wa
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INTRODUCTION

This studv deals with solids having identical pro-
pertles along the x and y directions and different proper-
ties along the z direction, where x, y, and z are the
axes of a Cartesian Coordinate system. The aim is tc
determine the thermal conductivity in the x and y direc-
tions, which will be designated by kp, and the thermal

conductlivity in the z direction, which will be designated
by kz.

Manuscript released by the authors June 8, 1962 for publica-
tions as an ASD Technical Documentary Revort.
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ANALYSIS

Using the physical model described earlierl, the fol-
lowing partial differential equation may be derived for a
cvlindrical specimen whose axis colncides with the 2z direc-

tion of the anisotropy of the solid,
2

where w2 = kz/k . Equation (1) assumes constant value of

k, and k, in the temperature range of the measurement. The
earlier casel is a specisl case of equation (1) if w is set
equal to 1., With the avpropriate initial conditions applied
to the physical model, it may be shown that equation (1) may

be satisfied by
T(r,z) = Tg - AJoggr) Cosh yez/w) (2)

Two boundarv conditions are required to obtain the tempera-
ture distribution of the specimen for the evaluation of the
thermal conductivities,

A natural boundary condition that can be used is the
expression in equation (3), obtained by equating the heat
conducted into a small element of area on the flat end sur-
face of the specimen to the hest radiated from the same

element of area,



. o . et _ . _gem™
Z

ST(r, Dbz | TeT/eal, g (3)

Similar to the earlier casel, equation (3) produces a non-
linear boundary value problem which 1s unsolvable with common
procedures, Therefore the emplirical expression in equatiocn

() for the temperature at the flat end surface and the approx-
imation in equation (5) of the temperature of the cylindrical
surface as isothermal were applied to equation (2) to produce

the temperature distribution within the so0lid expressed by
equation (6),

T(r,L)

T, + ot ()

T(a,z) = T (5)

oy

T(r,z) = Ty - MXhZ Cosh()nZ/wa) Jookﬂ Jb(ﬂnr/a)
Z Cosh(A L/wa) A23,2(A,)

n=1
(6)
Bv differentiating equation (6), term by term, the tempera-

ture gradient in the z direction 1s obtained. The gradient
at r =0 and z = L is

>
QL‘[‘. = - % ;\ L J2(/1n) s ,__g&
<3Z>O,L Ry vern (Agl/ve) A3, 2@ w Yotr/ue

(7)



Combining equations (7) and (3)

L L
ceETt  OET,

k. = =
©oer/ez), . Mal,

(8)

Using w = \k,/k, and 0a? = AT, equation (8) ylelds

aa gl = 8T = et/ |k, (9)

A1l quantities in equation (9) are known or measurable
experimentally except the thermal conductivities k, and
k,. Two equations of the form of equation (9) are suf-
ficient to solve for k, and kp; such equations are obtained
by taking experimental data at a temperature T, for two
different specimens of the same material with different
L/a (preferentially same a), The right hand side of equa-
tion (9) 1= the same for both specimens; thus if the left
hand side 1s plotted against w for each sample, the point
of intersection of the two curves determines the correct
values of k, and k,. The abscissa determines w (= ||k;/kpn)
and the ordinate the value of the quantity(T&Tou/ﬁ.JE;E;.
Values of the function % are identical with the value of
the constant K, calculated earlierl if the abscissa is
changed from L/a to the variable L/aw.

Reexamination of equation (6) shows that (5T/az)a’z

1s equal to zero, which vields, via equation (3), a value

I}



approaching infinity for k,. The value of k, should be
constant and 1lndependent of the point of evaluation. Thus
an error is introduced by the boundary condition in equation
(5) which defines the temperature on the cylindrical surface
as lsothermal and forces (8T/2z)y , to be zero. An estimate
of the error inherent in the solution of equation (9) can be
obtained by replacing equation (6) bv a perturbed boundary
condition solution, The new boundary condition 1is chosen
such that it forces k,, evaluated at r = a and z = L, to
equal k,, evaluated at r = 0 and z = L, This 1s accomplished
bv selecting an aporopriate value for (aT'/az)a’L, where T!
denotes the contrlibution of the complementary solution added

to equation (7). The new solution may be written
T(r,z) = T(r,z) + T'(r,z) (10)
Replacing T(r,z) by Ulr,z) in equation (3) yields

ety cer

27 @), U, L+ (3T /ea), o

(11)

A comparison of equation (11) with equation (8) shows that
the ratio of (a8T'/0z) to (BT/>z) will estimate the
0,L 0,L
error inherent in the solution of equation (9). Calculation
of the term (aT'/az)o [, With the assumption that the isother-
’

mal temperature on the cylindrical surface is correct within

5



10% of AT has been carried out earlierl for the case of &an
isotropic solid. Similar analysis for the anisotropic case
shows that with a selection of L/ua £ 1 (bv choosing appro-

priate value of L/a), the term (8T'/3z) can be neglected

O’L
and the solution presented in equation (9) evaluates the
thermal conductivity within an error of less than 6%. For

L/%a € 0.1 the error is practically zero.



EQUIPMENT, EXPERIMENTAL PROCEDURE, AND MATERIALS

The equipment used was similar to that described earlier2

The previously described experimental procedure1 was
modified for the measurements. Cvlindrical specimens of dif-
ferent ratios of length to dismeter were heated with high
frequency induction., The temperature gradients at different
radlal distances on the flat end surface of the cvlinder were
measured,

The molded graphite, ZT tvpe, was obtained from the

National Carbon Co, Its properties, as determined oy the com-

pany are as follows:

Sample Density . Anisotropy
gm/cm Ratio of electrical resistivity
(z direction over r direction)
at room temperature
G-3A 1.980 2.50
G-5 2.000 2.86
G-9 2.000 2.86

The pyrolytic graphite was obtained from the General
Electric Co, and was made at their Detroit plant (Sample P-3

was produced in their run No. 294),



EXPERIMENTAL RESULTS

The detailed experimental measurements on one sample
(G-5) at one temperature are given in Table I, Similar
measurements were taken at other temperatures and on other
samples. AT is obtained by drawing a line through the
average values of ATr and (r/a)2 and the origin (AT, = 0,
(r/a)2 = 0), The data in Table I show the correctness of
equation ().

Table II shows the experimental measurements on sample
P-3, the best pvrolytic graphite. The sample is obviously
not quite circularly symmetric, as4ATr values on one diameter,
but on opposite sides (denoted t and **) of the center, are
different, Some samples tested showed negative AT,.'s and
obviously had to be discarded.

Table III gives summarized results of measurements on
two sets of ZT type graphite specimens (G3A-G7, and GS5-G9),
Table IV gives data on pyrolytic graphite,

Figure 1 shows the procedure of obtaining the thermal
conductivities from the AT values for samples G-5 and G-9
at To = 1647°K. The lines are obtained as follows: values
of the function sﬂg(L/aw) for different values of L/aw are

selected; the corresponding w values for each sample and the

(ﬁﬂ/a)G_g

expression
(AT/&)G_S

9&% are calculated for each value of



L/aw., The G-5 line is a plot of 94@ VS. Wg g and the G-9
(AT/a)g_q

(AT/a)_ e
intersection of the two Eiges is w = 0.462;

1ine is a plot of VS, Wg_ge The point of

. aent
(&1/a)g_¢ *\[iple,

the unknowns k, and kp. The simultaneous solution of the two

= 0,438 which represents two equations with

equations pgives the k values shown in Table III,

The thermal conductivities are presented in Tables III
and IV in terms of the total emissivity of the flat surface
of the spvecimen, The ratio kz/kr 1s independent of the value
of the total emissivitv., In the last two columns in each

table k,, and k, are evaluated bv assuming gray bodles, £ = §A.



DISCUSSION

An error in the thermal conductivity values 1s intro-
duced because of the mathematical approximetion. This error
is a function of the term L/aw. A selection of a small vslue
for L/aw reduces the error; however, other factors such as
the exverimentally desirable value for AT must also be con-
sidered., The mathematical error introduced for samples G-5
(L/aw = 0.53) and G-9 (L/aw = .247), for G-3A (L/aw = 0.888)
and G-7 (L/aw = 0.226), for P-3 (L/aw = 0.89) and P-3A
(L/aw = 0.236), are 5%, 6%, and 6% respectively,

Errors mav also be iIntroduced bv the experimental mea-
surements of the temversture. The values of the AT, terms
given in Table I are evaluated from measurements of T(r,L).
The radial distances r are along two perpvendicular diameters,
On one diameter r is la, 3/L4a, 1/2a, 1/L4a, 0, 1/4a, 1/2a,
3/La, la; on the other, ias, 2/3a, 1/3a, 0, 1/3a, 2/3a, 1la.
Such points are useful for checking the empirical boundary
condition in equation (). This is essential in the case of
pvrolytic graphite: pyrolytic graphite should exhibit the
kind of anisotropv considered here3. The lavers in the x and
vy directions are not completely parallel to each other and not
perfectly perpendicular to the 2z directionu’s. If the layers
are not parallel and perpendicular to the z axis, the angular
symmetry 8T/80 = 0 does not hold, and the method cannot be

10



applied, Thirty samples of pvrolytic graphite were tested,
and none was completely svmmetrical, Samples P-1 and P-2
showed less deviation than the others. Sample P-3 was the
most symmetrical; it was cut down in height and reused as
sample P-3A,

To correct the measured temperatures for non-black
body conditions it was necessary to obtain values of the
spectral emissivities, The svectral emissivities (for
polished surface) were measured and found to be 66.665 =
0.61064 - 1,85699 x 10'“ x T (for 1265 < T < 2195°K) for the
ZT tvpe graphite and &0.665 = 0,262 at 1875°K for the pyro-
lvtic graphite. It 1s estimated that the accuracy in the
measurement of the temperature is + 3°K. For the ZT type
graphite (samples G-5 and G-9 at 1647°K) the standard devia-
tions are 1.8%, 2.1%, and 2.8% for (AT)G-S’ (AT)G_Q, and
(AE)G_S/QAT)G_Q, respectively. For the pvrolytic graphite
(samples P-1 and P-2 at 1808°K) the standard deviations are
10.6%, 6.6%, and 12,5% for (AT)p_,, (AT),_,, and @, _y/
(AE)P_Z, respectively, The above error in QST)P_l/(AE)P_Z
produces a standard deviation of 68.9% in the ratio kz/kr;
for the samples P-3 and P-3A at 1817°K the standard devia-
tion is 2.69%, 2,12%, and 3.,0% for (&r)p_s, (AT)P_BA, and
(AE)P_3/YAE)P_3A, respectively, which produces a standard
deviastion of 5,8% for the ratio kz/kr’ Taking a certainty

11



level of 95%, the experimental error in k,/kp for the samples
P-1 and P-2 is more than 100% or actually undetermined; for
the samples P-3 and P-3A it 1is 12.0%. Obviously these large
errors in samples P-1 and P-2 are a result of the non-symmetry
of these specimens.

Combining the errors, it is estimated that the k/& values
are accurate within 10% for the ZT tvpe graphite (samples
G-5 and G-9) and within 12% for the pvrolytic graphite (samples
P-3 and P-3A).

Brown, et a1.6 showed a steep lncresse in the room tem-
perature thermal conductivity of graphites with an increase
in their density., Considering the high density of the ZT
type graphite, the values obtained for the thermal conducti-
vities are in good agreement with the published data6’7’8’9’10
for similar types of graphite.

Comparison of the thermal conductivities of pyrolytic
graphite 1s more difficult since their thermal conductivities
depend upon many factors, especially the temperature of the

11

deposition process7 and the treatment of the samples ™, Since

all these factors are not available, an exact comparison
is impossible although in general the measured values (for
samples P-3 and P-3A) are in good agreement with earlier
reported datall’le.

The thermal conductivities of pyrolytic graphite are

12



reported here only at one temperature (1817°K) since the
material is damaged when it 1s heated to higher temperatures;
the samples split perpendicular to the 2z axis, and thus the
measured temperature differences do not obev equation (l)

any more. Such a structural change can be observed easily,

13



TABLE I

Radial Temperature Gradients
ZT Type Graphite, G-5 sample 2L = 0,622 em 2a = 2,537 em T,
ATr = T(r,L) - T(r,0)

at
r gFa/h r gFa/3 r gFa/z r §F2a/3 r 3F3a/h ro; a
2 + 7 % 215+ 39 L8 + 66 +
2+ 8 19 + 36 4s + 65 +
Iy + 5 20 + 32 i 46 + 61 +
8 ++ 5 s 23 ++ 38 3 49 ++ 61 ++
3 ++ 5 43 22 ++ 36 43¢ Ll ++ 68 ++
8 ++ 6 et 21 ++ LO s 46 ++ 63 ++
5 ++ 67 #
63 =
66
67 s
66 3
67 4

AT = 71.4°F = 39,69

+ ++ denotes one dlameter, + on one side of center, ++ on
other side of center

3% 3t denotes one diameter, # on one side of center, it on
other side of center,

The two diameters are perpendicular,

111

= 16}47°K



TABLE II
Radial Temperature Gradients
Pyrolytic Graphite, 2-3 sample
Z=0.378cm 22 =231 cm T, = 1817%

AT, = T(r,L) - T(r,0)

at
r gFa/h r :Fa/3 r zFa/e r gpea/B r gFBa/h ro; a
1+ 10 #* 12 + 38 37 + 82 +
3+ 12 12 + 27 #* 33 + 73 +
4 + 12 13 + bl 36 + T4 +
0 + 10 16 + Lo ho + 70 +
L ++ 13 s 2Ly ++ 35 e3¢ 55 ++ 101 ++
12 ++ T s 27 ++ 32 s 57 ++ 103 ++
S ++ 9 i 28 ++ 30 e 66 ++ 102 ++
7 ++ 8 st 26 ++ 32 e 57 ++ 102 ++
88
8l
8L
82 =
90 3¢
8l w3
98 i
96 4+

AT = 86,7°F = }48.3%
15



TABLE III

Thermal Conductivity of ZT Type Graphite
2LG-7 = 00287 cm, 2&(}_7 = 20539 cm

g g = 0.622 om,28; ¢ = 2.537 cm
2LG_9 = 0,289 cm,2aG_9 = 2,538 ¢em
Sample T AT  k,/k kp /& ky /& Gray Body
oR oK 2o Cal/cmzsec-oK Cal/cmfsec-oK Assumption
k k
Cgl/cm-sec-°ﬁ
G-3A 1671 31.8 0,255 0.405 0.103 0.306 0.0778
G=T7 73.0
G-5 1260 12,0 0,153 0.,88 0.0746 0.376 0.057%
G-9 20.0
G=5 1387 17.2 0.177 0.478 0.0848 0.366 0.0650
G-9 29.9
G-5 1647 39.6 0.213 0.395 0.0842 0.299 0.0638
G-g 7200
G-5 2199 15%.0 0.331 0.296 0.0980 0.218 0.0724
G-9 208.4
For (Gs-Gq)
kg/kp = (kp/8)/{k,/E) = -0,10116 + 2,00191 x 10°% x 1 Av. S8.D. = 5.5%
kn/£ (Cal/cm-sec-%K) = 0,.61064 - 1.85699 x 107t x0T Av, S.D. = 5.0%

1260 < T < 2199°K

16



Samole gﬁ
P-1 1808
P-2

P-3 1817
P.3A

TABLE IV

Thermal Conductivity of Pyrolytic Graphite

%
2L L
30.5

48.3
105.6

2LP-l
2L

P-2
Z‘P-B

Lp_3p

X5 /kp

0.0636

0.0376

= 0,163 cm, 2a

0.238 cm, 2, ,

P2

0.378 cm, Bp_,

= 0,105 cm,aaP_BA

3
Cal/cmfsec-oK

2.579

00907

17

= 2,540 cm
= 2.540 cm
= 2,314 cm
= 2,305 cm
Gray Body
y Assumption
k, /e
Cal/cmEsec-oK Cgl/cm-sec-gﬁ
0.0636 0,678 0.0167
0.0341 0.238 0,0090
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FIGURE 1: CALCULATION OF THE THERMAL CONDUCTIVITIES

18

08 09 10O



10.

11.

12.

LIST OF REFERENCES

Hoch, M., Nitti, D, A,, Gottschlich, C, F,, and
Blackburn, P, E., "New Method for the Determination
of Thermal Conductivities Between 1000 and 3000°C" in
"Progress in International Research on Thermecdynamic
and Transport Properties," ASME, Academic Press, New
York, 1962,

Hoch, M. and Johnston, H, L., J. A. C. S. 76, L4833 (1954).

"Pyrolytic Graphite," Preliminary Engineering Data,
G, E., Specialty Alloys Section Report, Detroit, Michigan.

Diefendorf, R. J., "The Deposition of Pyrolytic Graphite,"
%. E.)Renort No. 60-RL-2432 M, Schenectady, New York
1960).

Stover, E. R,, "Effects of Annealing on the Structure
of Pyrolytic Graphite," G, E, Report No, 60-RL-2564 M,
Schenectadv, New York (1960).

Brown, A, R, G,, et al., Brit., J, Appl. Phys. 7, 73
(1956].

Goldsmith, A., Waterman, T. E.,, and Hirschhorn, H, J.,
"Handbook of Thermophysical Properties of Solid Materisals,"
Vol, 1, The McMillan Company, New York, 1961.

Powell, R. N,, Research 7, L492-511 (1954).

Powell, R. N, and Schofileld, F. H., Proc. Phys. Soc.
London 51, 153-172 (1939).

Rasor, N. S. and McClelland, J, D., "Thermal Properties
of Materials," WADC Technical Report $56-40, Part I (1957).

Pappis, J. and Blum, S, L., J. Am, Ceramic Soc. Ll,
592-597 (1961).

Neel, D, S, and Peersf C. D., "High Temperature Thermal
Property Measurement," in "Progress in International
Research on Thermodynamic and Transport Properties,"
ASME, Academic Press, New York, 1962.

19



UOT309[T00 YILSY UI

SI0 13 TeAY
°f ‘9%y W
‘Ijeuuroutr)
‘I3BUUTOUTD
Jo K3ysdeatup
€21L-(919)

€€ v 308I3U0)
269€L Asel

‘19€L 1sefoxy ociv
a3tudean

JaJsusl} 3eey

TpIe)
or4o

‘III
*II
‘I

‘2
T

o ; “Mol1BT 38 9LEO*0
= "%/ 'e3Indead or3AroxAd JoF !(NHo661Z
hhvaoawm: L ¥ #-0T X T6T00*Z + 9TITOT*O-

= /2% 911udead adh3 17 108 *N,0022-0002T

98uel aanjeledwe] ay3 ut @3f7qdesds oT4AT
-0zAd puw adf3 7 peprom jo 'Zx *A3jajzonp

-uod TewIagy TeTxe 243 pue ‘Iy *Li7atsonpuon
TemlIsyy [BIped s} SUTWIS33p O3 Pasn usaq
BBy poyjsw ay] ‘sPFurpunoxins ayj o4 jway
Furieypes pus uorjonpuy Aouenbaxy ydiy £q

o -

{ 4300 ) __ _
’ A}
\ /
unnoBa d:\ Pe3®ay yzduey 23TUTF JO ISPUITLAO ®©
Uy UoT3OoNpuOd 3BaY 33838-LpBIYS ‘TBUOTSUIWIP
-OM3 JO SUOT3TPUOD Japun spPY[Ys d1doljosjus
JO S9T3TATIONPUOD TBuLIdY] Iy} JO UOTIBW
-TmIa3ep a4l Jo0J padOlsAsp Udaq SwY poygsw

qxoday porJISSETOUN
*sJex 21 *so1qey ‘esnyry rourdd 41 ¢z9
a0y ‘33o0dox wixejuy *sajzyqdexn oygLrcIfJ puw
PODPTOW JO £37AT3ONpUO) TBWIAYL aY] :SHHALYHId
~Adl HOIH 1V SQI'I0S OIJOHIOSINY 20 ALIAIIIN
-NDO TYWMAHI I 398d *©09-29-HCL-ASY IN 3dY
‘oTqo ‘giv
U08I31BI~3YBTIN ‘qB] §076AYJ °*S98853001J pus
STBTIIBL/ITq ‘UOTSTATQ Swa3sAg [@OT3NBUOISW

-~

uotr39aTT02 YILSY ul
SI0 XJ TBAY

TpIeA L ‘4OOH W
oTYD ‘T3IBUUIIUTY
‘TrBUUTOUI)

Jo KRytrsasatupn
£212-(979)

£€ v 398I3U0)
269¢€L s8Ry,

‘h19€) 30afoay osdy
a31ydes

I JSUBIY 91BOH

“MolIBT 3% 9LEQ®O

= By/Zx ‘eryudesd or3kroikd 103 !(Hob61Z>
navwoowmd L X MmS X 16100*2 + 9TIOT*0~

= “3/%3 ejrydesd odfy JZ I0d “Mo0022-0002T
efuex eanjeseduey eyj uy esyudesd OF3AT
-0xAd pue adf3 1z peprom jo 'Zy *£37AT30mp
-uo9 TeWwIay] [efXe aqj pue *Ty *A37AT3ONpUOD
TemIay] [EIpeI 543 SUTIIB3ap O3 Pesnh usaq
g8y poyjeuw 3yl ‘sPTUTpunoOrINg au3 03 3eaY
Burjeiped pue uoljonpuj Aswenbaiy YAty £q

P

(3300 )
’ A}

\ /
umnosA Ul pejeay §iduel 931Ul JO JOpuUTTAD ®
Ul UOT3ONPpUOd 3By 9383s-Apesls ‘[wUOTSULWIP

-OM3 JO SUOT3IPUOD Japun spilos dfdoljosyue

JOo 8371TATIONPUOD TemIsyj oyj3 JO Uoliem

-furajep =43 J0J pedorealp useq £¥Y poylsm v

sioday ps1JIEsEToUN
*sJol 2T *serqes *+snyTy Tomwydd 6T ‘gg
Aoy ‘aIoded wiasjul -ee3yydean oj3AT0xkg puw
peploW JOo A3TAT30MpUO) TEWIIYL oYL :STUAIVHAJ
-WEL HOIH 1V SOT10S OIJOHIOSINY A0 ALIALLOM
“NDD TYWHAHL ‘I 3I8d ‘§09-29-HAL-ASY 4N 344
*oTq0 ‘ddv
uoslal1led-14FTay ‘qu] s07BAY] ‘SeEsad0ld pue
BTBTI836/IT0 "UOTETAL] smajsfg TEITINRUOISY

-~




WOT39ITTO0 VLISV Ul
SIO IF Teay

IPIBA °p ‘YyooH W
OFY0 ‘T3IBUUTIIULYH
‘jasuuTOULy

JO A3ysIaatugn
€214-(919)

€€ g4v 39eJIju0n
2G9€L sel

‘h9€L 129foxy oSV
93tydexy

JaJsURI) jwey

‘1A

‘AL

‘III

‘I
°e

. *Mol18T 3® 9LEo°0
= /7Y ‘e3rudedd o134T0xAd J0F ¢ (No66TZ >
uavxooﬂwms L X 4-0T X T6T00°2 + 91101°0-

= /%% a31udesd odfy 7 04 *Yo0022-0002T
82uex sanjvrxadungy 843 ut 831ydeid O34T
-0x4d puw adAy 17 poplowm Jo *2y ‘fitAar3ong
-U00 TBIILYy TBIX® ayj pus *‘Ty ‘A41A790NpPUOD
TewIsY] [BIPBI Y] SUTLIS 18P O3 pPAsn usaq
B8Y pOoY3owW oyl - sFUTPUNOLINE 8y} 0F 383Y
3u3eIpes pum uOToNpUT Aduanbasay ydiy 4Lq
P
' \

' /
~ -

(1800 ) _ _

’

\

\
/

WMnosA UT pe3way WIBUeT 93JUTJ JO JSPUFTAD ®
U] UOT3IONPUOD 3EsY 33836-LPRSLE 'BUOFSUSHID
-OM3 JO SUOT3IPUOD Japun Spilos ojdoljosjus
JO S3T}TATIONDPUCD TBWISG) 2Y3 JO UOFIEW
-JmI239p 243 JoJ padoTaaap ussq €y poyiam

3doday petjisssloun
*8JaI 21 ‘sofqer ‘tentry Touwrdd AT ‘g9
aoy ‘3xodes myasjup *sa3yqders ojj3Lroxig pue
POPTOW JO A3TATIONpUOY) [EWIaY] 84l :SHHAIYHAJ
“Wil HOIH LY S0I'T0S JIJOHIOSINY 40 ALTATIOM
“NDO TYWHIHL ‘I 3184 *Q09-29-HOL-ASY IN 3dd
*oTdo ‘div
ﬂowhﬁvaﬂﬂluﬁﬂhﬁ -Q.U..H Wﬂﬂwhﬂrﬂ .Q@Gmauoa pus
STeTIa3E/IT] "UOTSTAY] SwWaisdg TwoTinEUCISv

UOT 1997700 YILSY Ul
’ SI0 13 Teay
TPIBA °f ‘QOOH ‘KW
o140 ‘TIBUUTIULYH
‘}3BUUTOUTY

Jo £q18daatup
€214-(919)

€€ 4v 3083100
2G9EL isBL

‘f19€L 308foay osdy
?31ydexn

I3 Jsuvd] 383H

“IA

"Al

*III

*II

°I
‘2

“Hol18T 28 9L£0°0 |

= T3/%x ‘ea1udedd o13A10xAd IoJ ! (Yo661Z >
27 ¥0092T) L X 40T X T6T00°2 + 9TTOT*0-

= “3/%x e3tydesd vdLy IZ I0d *Ho0022-5002T
eFuex sImjeredmay wvyy ul viyudedd o334y
-oxAd pue adiy 17 peprow JOo ‘Zy *£3}1a13omp
-uod TBwmIey] TVTXE® oyz pue *‘Iy ‘A37arionpuos
Temrey) TBIPBJI 85U} SUTWISIID O3 DPOsEN u9aq
§8Y poysswW 3yl -sTUIPUNOIINE BY] O3 38IY
Bur3eIpPeI puw uoijdonpur Aswenbaxy yIry £Lq

’ A

! /
~ -

(4840 ) __ _
' \
\ /
TMNOBA ,m._"\ pejeay yijduel 93FUT) JO JIepuUTTLD @ |
U} uoljonpuod jeay 93838-Apesls '[EUOTSULWIP ,_
-0OM3 JO SUOT3TPUWOD Jepun €pJTos ofdoljosjue
JO 83T3TATIONPUOD TEWISY] 93 JO UOf3ewW
-jurajep 243 Joj pedolessp uUeeq S pOU3aW ¥

qx0dsy paTJISSETOUN
*sJax zr ‘serqe *~enyry ruwydd 61 ‘g9
aoy ‘3rodet wilsjuy *sejyydexn 273Lr0xig pum
paproW JO A3TAT3oNpuUO) TELILY] oU5 :SEMAIVHIEJ
-“WIl HOIH 1Y S0IT0S JIJOHIOSINY J0 ALIATLIN
=NDO TYWMIHL I 3I8d ‘Q09-29-HOL-ASY IN 34y
*0T40 ‘ddv |
u0sJI9318J-1YT 1IN ‘qE] 014G ‘SB8§9001d Pu®
§TBIIIIBN/ITQ ‘UOTSTATQ SWI3IsAg [30}3nBUOIdY

-~




